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°P«-' network, optical division and insertion node and «:overy system iron, network 



(57) Disclosed is an optical network which has a plu- 
rality of optical division and insertion nodes and one or 
a plurality of hub (central) nodes which are circularly 
connected by using an optical transfer system where a 
clockwise or counterckxjkwise data transfer is conduct- 
ed by usinga plurality of optical fibers or an optical wave- 
length-multiplexing technique; wherein the hub (central) 



node and the plurality of divisfon and insertbn nodes 
indivkJually use signal lights with wavelengths different 
from each other and are provided with a transmissbn 
system composed of two or more ctockwise or counter- 
ctockwise independent paths, and the optical diviston 
and insertion node selects one of signals obtained from 
the two or more paths. 
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Description 

This invention relates to an optical networic and 
more particularly to, a ring-type optical networic, and re- 
lates to a recovery system from a networlc failure. 

In conventional ring-type optical networlcs, loop- 
back techniques have been employed to recover from 
a fiber or node failure. The principle of the loop-back 
techniques is illustiated in FIGS.1 A and IB. In this ex- 
ample, nodes 1011 to 1014 are connected through two 
fibers. One of the two fibers is a working fiber 1021 and 
the other is a piotectk)n fiber 1022. In normal state, sig- 
nal light exists only on the working fiber 1021, and no 
signal light exists on the protectkxi fiber 1022. Each of 
the nodes takes out a signal necessary to its node and 
outputs a sigrwl addressed to the other node. In case of 
a failure, e.g.. when the fit>er is cut at a position marked 
with V in FIG.IB. signals are transmitted through the 
protectic^ fiber by switching at both its end nodes. 
Namely, a crescent-shaped loop is formed as shown in 
RG.1B. 

Arrother failure-recovery technique for ring-type op- 
tical networks has been, as shown in FIG.2, suggested 
in Toba et at, ' Demonstration of Optica) FDM Based 
SeH-Healing Ring Network Employing Arrayed- 
Waveguide-Gratffig ADM Filters and EDFAs', The 
Twentieth European Conference on Optical Communi- 
cation, Tu.A2(1994). In this technique, for a main sig- 
nal, the output of an optical transmitter 1051 is divided 
by an optk:al divkier 1 041 to simuttaneousty pass a com- 
mon signal through both a worthing fiber 1021 and a pro- 
tection fiber 1022, then one of the signals is selected by 
using an etectrk:al switch 1072 provided on the skie of 
optk^al receivers 1052. 1053. Meanwhile, the inputting 
and outputting of an optical amplifier 1 061 are monitored 
by intensity-modulating light with a wavelength different 
from that of the main signal. For the optical amplifier 
monitoring light, the failure recovery is conducted by a 
loop-back technique using a kx>p-back switches 1081, 
1082. 

However, in the conventtonal loop-back technk^ues. 
there are several problems that: the switching takes a 
long time since the path needs to be switched after iden- 
tifying a failure pos(tk)n; the wavelength dependency of 
the gain of an optical amplifier, such as an Er-doped op- 
tical fiber amplifier(EDFA) and a semiconductor optcal 
amplifier is varied since the transmisskxi distance of op- 
tical signal is greatly changed; si^tal deterioratkxi is ac- 
celerated due to the accumuiatkx) of spc^taneous emis- 
sion optical noise caused by a rran-tinear affect In fiber 
or an increase in the number o4 amplifier stages result- 
ing from the increase in the transmission distance of op- 
tical signal; signal deterioration is accelerated due to the 
accumulation of cross talk caused by an increase of the 
number of switch stages; the device becomes larger and 
nr^ore expensive since a kx>p-back switch needs to be 
provided in the node; and the switching from protection 
fiber to working fiber is necessary after the failure recov- 



ery. 

In the technk^ue of Toba et al.. the above problems 
in the kx>p-back technique are solved as to only main 
signals. However, in actual failure recovery, failure re- 
s covery as to only main sigr^ makes no sense. Namely, 
the failure recovery of the optical amplifier monitoring 
light needs conducting simuttaneousty. Because of the 
kxjp-back operation cortducted for the optical amplifier 
monitoring light, the time required to the failure recovery 
10 must be determined by a failure recovery time for optk:al 
amplifier monitoring light. Also, a switch for conducting 
the k)op-back operatkxt for optical amplifier rrKviitoring 
light is always necessary. Therefore, the device be- 
comes larger and more expensive. Further, the switch- 
IS ing from protectk^n fiber to working fiber is necessary 
after the failure recovery. Still further, even whan only a 
specific node detects a failure, the kx>p-back operatbn 
needs conducting. Therefore, signal paths in all the 
nodes will be changed. 

Accordingly, it is an object of the invent ton to provWe 
an optk:al network or a recovery system from a network 
failure where there occurs no signal loss in case of a 
network failure, signal deterioratbn due to a change in 
transmission distance of signal light caused by switch- 
ing the path for the failure recovery is reduced, a pro- 
tect ton fiber can be used even after the failure recovery 
and unnecessary path-switching can be reduced. 

It is a further object of the invention to provkte an 
optical diviston and insertion node which can sen^e to 
recover from a network faaure while having a small size 
and tow cost. 

According to the invention, an optical networi^, com- 
prises: 

a plurality of opttoal division and insertton nodes and 
one or a plurality of hub (central) nodes which are 
circularly connected by using an optical transfer 
system where a clockwise or counterclockwise data 
transfer is conducted by using a plurality of opttoal 
fibers or an optical wavelength-multiplexing tech- 
nique; 

wherein the hub (central) node and the plurality of 
diviston and insertton nodes irKfividually use signal 
lights with wavelengths different from each other 
and are provided with a transmisston system com- 
posed of two or more ctockwise or counterctockwise 
independent paths, and the opttoal diviston and in- 
sertton node selects one of signals obtained from 
the two or more paths. 

According to ar>other aspect of the tnventton. an op- 
ttoal network, comprises: 

a plurality of opticai diviston and insertton nodes, 
each of whtoh comprising an optical transoKtter, an 
opttoal divider which is connected to an output port 
of the opttoal transmitter artd divtoes an output of 
the optical transmitter into two parts, a first optical 
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amplifier which is connected to a working fiber and 
is controlled to have a constant gain, a first division 
and insertion circuit which is connected to an output 
port of the first optical amplifier and one output port 
of the optical divider, a second optical amplifier 
which is connected to a protection fiber and is con- 
trolled to have a constant gain, a secorxi division 
and insertion circuit which is connected to one of an 
output port of the second optical amplifier and the 
other output port of the optical divider, an optical se- 
lector which is connected to output ports of the first 
and second optical division and insertion circuits 
and selects one of outputs of the first and second 
optical division and insertion circuits, and an optical 
transmitter which is connected to the optical selec- 
tor; and 

a hub (central) node which terminates a transmined 
signal from one of the optical division and insertion 
nodes to give a temninal signal and transfers the ter- 
minal signal as it is or after time-separating and 
switching the conn ection path to the other of the op- 
tical division and Insertion nodes; 
wherein the hub node has a function to switch con- 
nection paths so as to change the network compo- 
sition. 
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ed to an output port of the optical transmitter and 
divides an output of the c^tk:al transmitter into two 
parts, a first optical amplifier which is connected to 
a working fiber and is controlled to have a constant 
gain, a first divisfon and insertion circuit whteh is 
connected to an output port of the first optkal am- 
pfifier and one output port of the optk:al divider, a 
second optical amplifier whkrfi is connected to a 
protect»n fiber and is controlled to have a constant 
gain, a second divison and insertion circuit whk:h 
is connected to one of an output port erf the second 
optk^al amplifier and the other output port of the op- 
tical divider, an optical selector which is connected 
to output ports of the first and second optical divi- 
sk)n and insertwn circuits and selects one of out- 
puts of the first and second optical division and in- 
sertion circuits, and an optical transmitter whk:h is 
connected to the optk:al selector; 
wherein a recovery operatwn from a network failure 
»s conducted by switching the optfcal selector. 



According to another aspect of the inventfon. an op- 
tical diviswn and insertion node, comprising: 

an optical transmitter; 

an optical divider which is connected to an output 
port of the optical transmitter and divkies an output 
of the optk:al transmitter into two parts; 

a first optfcal amplifier whbh is connected to a work- 
ing fiber and is controlled to have a constant gain; 
a first divlsk>n and insertkx) circuit whfch is connect- 
ed to an output port of the first optcal amplifier and 
one output port of the optical divider; 
a second optk:al amplifier whrch is connected to a 
protection fiber and is controlled to have a constant 
gain; 

a second division and hsertwn circuit which is con- 
nected to one of an output port of the second optical 
amplifier and the other output port of the optical di- 
vider; 

an optical selector whk:h is connected to output 
ports of the first and second optkal division and in- 
sertk)n circuits and selects one of outputs of the first 
and second optcal divisk>n and inserton circuits* 
artfi 

an optcal transminer whk;h is connected to the op- 
tk:al selector. 

According to another aspect of the inventbn, a re- 
covery system from a network failure, comprising: 

two or more nodes, each of which including an op- 
tical transmitter, an optk:al divider whch is connect- 



In the recovery system from a network failure ac- 
cording to the invention, a transmitting node in normal 
state divides signal light by the optteal divder and then 
25 sends equally themtothe working and protectfon fibers 
as shown in FIG.4A. like the conventional methodfTob^ 
et al,). 

The selector of a receiving node in nonnal state se- 
lects the working fiber. When no signal is received by 
30 the optbal receiver, the selector s switched to select the 
protectfon fiber {FIG.4B). 

In optical amplifiers, where the gain is controlled to 
be constant, light for nrx5nitoring the optk^l amplifier as 
m the conventional optteal network is not necessary A 
35 method for controlling the gain of an optk:al amplifier 
constant has been suggested in, e.g., M. Misono et al.. 
lEICE. Autumn Meeting, 8-943(1994). By using this 
method, light requiring the loop-back operation on fail- 
ure recovery can be omitted. Therefore, a quk;k failure 
recovery, a reduced change on transmisson distance 
and a miniaturized and cost-reduced device can be ob-' 
tained. 

Also, as shown in F1GS.4A and 48. the working sys- 
tem and protection system are completely symmetrical 
^ Thus, even after the failure recovery, the protectton sys- 
tem can be used continuously, thereby reducing unnec- 
essary path-switching. 

Furthenmore, the bask; functions for failure recovery 
can be obtained by using thesimple composition where 
^ theopttcaldivkierandtheselectorffithetransmitterand 
receiver, respectively need only to be provkJed. There- 
fore, a miniaturized and cost-reduced node can be ob- 
tained. Also, fast fiber-switching and hitless failure re- 
covery can be conducted since a failure positon does 
^ not need to be identified before switching. 

Furthermore, the variation in wavelength depend- 
ency of the gain of an Er^toped optcal fiber amplifier 
(EOFA) IS snrrall since the change ffi transmission dis- 
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tanca of optical signal is relatively small. Also, the accu- 
mulation of spontaneous emission optical noise caused 
by a non-linear effect in fiber or an increase in the 
number of amplifier stages resulting from the increase 
in the transmission distance of optical signal, accumu- 
lation of cross talk caused by an increase of the number 
of switch stages etc. can be suppressed. 

The invention will be explained in more detail in con- 
junction with the appended drawings, wherein: 

FIGS. 1 A and 1 B are illustrations showing a conven- 
tional faSure-reccvery system, 

FIG.2 is a block diagram shovwng a conventional 
optical division and insertion node, 

FIG.3 is a block diagram showing an optical divisbn 
and insertion node according to the invention. 

FIGS.4A and 4B are illustrations showing a failure- 
recovery system according to the invention. 

FIG.5 is a bkx;k diagram showing an optical divison 
and insertion node in a preferred embodiment according 
to the invention, 

FIG.6 is a block diagram showing an optical divison 
and insertion node in another preferred embodinr>ent ac- 
cording to the invention, and 

FIG.7 is a block diagram showing an optical network 
in a prefen-ed embodiment according to the invention. 

An optical network, an optical division and insertion 
node and a recovery system from network failure in the 
preferred embodiments will be explained bebw. Mere, 
nodes 11 , 1 2 in FIGS.4A and 48 are optk^ai division and 
insertion nodes where acousto-optic filters in FIG.5 are 
used as division and insertion circuits. The acoustoop- 
tk: filter functkxis to separate only light with a frequency 
to be determined by the frequency of a high-frequency 
signal to be input from a wavelength-multiplexed optical 
transmisston line and to insert light with a frequency 
equal to the separated frequency into the optical trans- 
mission line. 

Meanwhile, D.A. Smith et al.. Electronics Letters. 
Vol. 27, No.23, pp.2102-2103 (1991) has been detailed 
as to the principle of acousto-optk: filter operation. 

Now, ref enring to FIGS.4A an6 48, signal lights with 
wavelengths 1552 nm, 1 556 nm are on a working fiber 
21 and a protection fiber 22. respectively, and a signal 
from the node 1 1 to node 1 2 is transmitted using the li^t 
with a wavelength of 1552 nm. 

The compositwn of the node 1 1 is as shown in FIG. 
5. The oscillation wavelength of an optk:al transmitter 
51 is 1552 nm. Signal light power output from the optk:al 
transnrwtter 51 is equally divided into two parts by an op- 
tical divktor 41, and then they are irtput to the acousto- 
optic fitters 33, 34. dy activaling the acoustooptk: filters 
33, 34 to conduct the divisk)n and insertion operatk)ns 
to light with a wavelength of 1552 nm. signal lights from 
the optcal divkler 41 are equally output to both the work- 
ing fiber and the protectkyi fiber. 

These signal l^ts are, as shown in FtG.2A. input 
to the node 12 through the working fiber 21 ax)6 protec- 
tksn fiber 22. The compositk>n of the node 1 2 is also as 



shown in FIG.5. Optcal signals on the working fiber 21 
and protection fiber 22 are amplified by optcal amplifiers 
61 , 62, respectively. These optk:al amplifiers are con- 
trolled to keep the gain constant and its controlling and 

s nrKxiitoring can be conducted at the node where the op- 
tical amplifier is disposed. Therefore, li^t for monitoring 
as in the conventkxial optk:al network(e.g.. Toba et al.) 
does not need to be flown on the fiber of the node. 
In this embodiment, an Er-doped optical fiber am- 

10 pljfier(EDFA) is used. Alternatively, a semkxxYductor op- 
tical amplifier may be used. Also, when the wavelength 
band of signal light is 1.3 fim, a Pr-doped optical fiber 
amplifier or a semiconductor optcat amplifier may be 
used. 

IS The outputs of the optk:al amplifiers 61 . 62 are input 
to the acousto-optic filters 33, 34, respectively. When 
both the acousto-optk: fitters 33 and 34 are activated to 
conduct the division and insert k)n operations to light with 
a wavelength of 1 552 nm, signal light with a wavelength 

20 of 1 552 nm sent from the node 1 1 is separated. The sep- 
arated signal lights for working and protectkxi are input 
to a selector 42. The selector 42 usually selects the 
working signal light. The output of the selector 42 is input 
to an optk^al receiver 52 to perform the reception. 

2S Next, the case that a failure on the workrig fiber 21 
occurs will be explained. When the selector 42 of the 
node 1 2 selects the working sigr^t light, the occurrence 
of the tatlure can be detected by a decrease *n optk^al 
power supplied to the optical amplifier 52. The detection 

30 of a failure may be performed by separat^g a part of 
output light of the selector 42 and nrK>nttonng its optical 
power. 

When the failure is detected at the node 1 2, the se- 
lector 42 of the node 12 needs only to be switched to 

3S the side of the protectkxi fiber. In contrast to the con- 
ventk)nal optical networks, this allows all the failure re- 
covery to be completed. Namely> as explained above, 
signals comnnon to the working fiber and the protectk>n 
fiber are always fiown on the two fibe rs. Therefore, when 

40 the selector 42 is switched, the receptk}n can be restart- 
ed. 

However, the transmissbn distances from the node 
1 1 to the node 1 2 in the working system and protectkxi 
system are generally different from each other There- 

^ fore, this difference needs compensating. An effective 
method for compensating the difference has been sug- 
gested in, e.g., T. Shiragaki et af., 19th European Gon- 
fereru:e on Optk^l Communk^atkxi, TuP 5.3 (1993), 
where photonc hitiess switching is used. Such a h^less 

so optical switch can be used as the selector 42 to perform 
the failure recovery without making a tose when a failure 
occurs. 

The divtskxi and insertkxi node may be composed 
as shown in FIG.6. other than composed of the acousto- 
ss optic filer as explained earlier. In the oootpositkxi in FIG. 
6. one of the working and protectkxi inputs is selected, 
thereafter output to different optksl transmisskxi lines 
for respective wavelengths by using an optical demufti- 
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plexer 44. An optica) receiver 54 is composed of photo- 
dtodes whose number is equal to that of the optical 
transmission lines, e.g.. 8 photodiodes in this example, 
and it converts the respective optical signals into elec- 
trical signals. Then, by an electrical matrix switch 71 , the s 
signal dwision. insertion or signal switching between the 
respective wavelengths is conducted. The outputs from 
here are converted into optical signals by an optical 
transmitter 53 which is composed of lasers with oscilla- 
tion wavelengths different from each other, then wave- io 
length-multiplexed the optical signals with different 
wavelengths into one fiber by using an optical multiplex- 
er 43. The optical power of the optical multiplexer 43 is 
equally divided into two parts, and they are output to the 
working fiber and protectbn fiber. is 

Also in this composition, the optical amplifiers 61 to 
64 are controlled to keep the gain constant and its con- 
trolling and monitoring can be conducted at the node 
where the optical amplifier is disposed. Alternatively, 
without receiving all the outputs of the optical demulti^ 20 
plexer 44. only the signals on transmisston lines where 
wavelengths to bo separated are existing may be con- 
nected with the optical receiver 54 while inputting the 
other signals directly into the optical multiplexer 43. Al- 
so, the optical transmitter 53 may be composed of only 2S 
lasers oscillating at wavelengths to be inserted and the 
outputs may be input to the optical multiplexer 43. 

A method for controlling the gain of an optical am- 
plifier constant has been suggested in. e.g.. M. Misono 
etal., lEICE. Autumn Meeting, B-943(1994). Otherthan 30 
this nriethod, all methods for automatcally controlling the 
gain of an optical amplifier constant, such as a method 
where respective parts of input light and output light of 
an optfcal amplifier are separated, the light powers are 
conr>pared and the ratio is controlled to be constant, can 3S 
be incorporated ante this invention. 

Also, the optical amplifier may be placed at ail po- 
sitions, such as the output port of a node, other than the 
input port of a node shown in FIG.5. Further, a plurality 
of optical amplifiers may be. as shown in FIG.6. dis- 40 
posed on the woricing system and protection system, re- 
spectively. 

An example of an optical network using optical di- 
viston and insertion nodes according to the invention will 
be explained tn FIG.7. Node 11 is implemented accord- 4S 
ing to the embodiment as shown in FIG.6 and nodes 12 
to 14 are implemented according to the embodiment as 
shown in FIG.5. The optical transmitter 53 in the node 
1 1 is provided with lasers with wavelengths of 1548 nm. 
1 552 nm and 1 556 nm. Light with a wavelength of 1 548 so 
nm carries only a signal acWressed to the node 12. light 
with a wavelength of 1552 nm carries only a signal ad- 
dressed to the node 13 and light with a wavelength of 
1 556 nm carries only a signal addressed to the node 14. 

Both the acoustOKjptic fitters 33 and 34 for the working ss 
and protection systen«. respectively in the node 14 se- 
lect 1556 nm light. The oscillatwn wavelength of the op- 
tical transmitter 51 in the node 14 is 1556 nm. After 2. 



equally dividing the optical power into two parts by the 
optical divider 41 . they are inserted through the acousto- 
optic filters 33. 34 into the working fiber 21 and protec- 
tion fiber 22. In similar manners, the node 12 is operated 

at a wavelength of 1 548 nm and the node i 3 is operated 
at a wavelength of 1552 nm. 

By applying a recovery system from network failure 
according to the inventkxi to this network, nodes except 
a node where a failure is detected can continue the nor- 
mal operation without conducting the failure-recovery 
operation. For example. lnFIG.7, taken is the case that 
a failure is detected at the node 1 4 and no failure is de- 
tected at the nodes 11 to 13. In this case, the failure- 
recovery operation can be completed by only switching 
the selector 42 of the node 1 4 in the directwn of the pro- 
tection fiber 22. The same manner can be also appKed 
to the case that a failure is detected at the other node. 

The wavelength of the laser may be wavelengths 
included in 1 .5 ^im band. 1.3 ^im band or the like, other 
than the wavelengths used in the above example. 

Meanwhile, in this example, three nodes according 
to the embodiment in FIG.5 and one node accorciing to 
the embodiment In FIG.6 are emptoyed. However, the 
nunr^er of nodes is not limited to these, i.e., it is optional. 
For example, sixteen nodes according to the embodi- 
ment in FIG.5 and two nodes according to the embodi- 
ment in FIG.6 may be emptoyed. 

Although the invention has been described with re- 
spect to specific embodiment for complete and clear dis- 
closure, the appended claims are not to be thus limited 
but are to be construed as ennbodying all modification 
and alternative constructions that may be occun-ed to 
one skilled in the art whk;h fairly fall within the basic 
teaching here is set forth. 



Claime 

1. An optical network, comprising: 

a plurality of optk:al divisbn and insertion 
nodes and one or a plurality of hub (central) 
nodes whk:h are circularly connected by using 
an optical transfer system where a clockwise or 
counterclockwise data transfer is conducted by 
using a plurality of optk:al fibers or an optical 
wavelength-multiplexing technique; 
whereri sakJ hub (central) node arid said plu- 
rality of division and insertion nodes indivkJualiy 
use signal li^ with wavelengths different 
from each other and are provided with a trans- 
misson system composed of two or more 
clockwise or counterclockwise independent 
paths, and said optical division and insertion 
node selects one of signals obtained from sakJ 
two or more paths. 



An optical network, comprising: 
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a plurality of optical division and insertion 
nodes, each of which comprising an optical 
transmitter, an optical divider which is connect- 
ed to an output port of said optical Irarismitter 
and divides an output of said optical transmitter 5 
into two parts, a first optical amplifier which is 
connected to a working fiber and is controlled 
to have a constant gain, a first division and in- 
sertion circuit which is connected to an output 
port of said first optical amplifier and one output lo 
port of said optical divider, a second optical am- 
plifier which is connected to a protection fiber 
and is controlled to have a constant gain, a sec- 
ond division ar>d fftsertion circuit which Is con- 
nected to one of an output port of said second '5 
optical amplifier and the other output port of 
said optical divider, an optical selector which is 
connected to output ports of said first and sec- 
ond optical division and insertion circuits and 
selects one of outputs of said first and second 20 
optical division and Insertion circuits, and an 
optical transmitter which is connected to said 
optical selector; ar)d 

a hub (central) rKxie which terminates a trans- 
mitted signal frooi one of said optical division 
and insertion nodes to give a terminal signal 
and trar^ers said terminal sigr>al as it is or after 
time-separating and switching the connection 
path to the other of said optical division and in- 
sertion nodes; ^ 
wherein said hub node has a function to switch 
connection paths so as to change the network 
compositk)n. 

An optical diviskxi and insertion node, comprising: 3S 



sertion circuits; and 

an optica] transmitter which is connected to 
sakJ optical selector. 

4. A recovery system from a network failure, compris- 
ing; 

two or more nodes, each erf wh»h including an 
optical transmitter, an optk^al divkJer which is 
connected to an output port said optical 
transmitter and divkies an output of saki optical 
transmitter into two parts, a first optical amplifi- 
er which is connected to a working fiber and is 
conUoUed to have a constant gain,, a first divi- 
sion and insertion circuit which is connected to 
an output port of said first optical amplifier and 
one output port of said optical divkler, a second 
optk:al amplifier which is connected to a protec- 
tion fiber and is controlled to have a coristant 
gain, a second division and insertk)n circuit 
whch is connected to one of an output port of 
said second optk^at amplifier and the other out- 
put port of said optical divider, an optical selec- 
tor which is connected to output ports of saki 
first and second optical division Bxxd insertion 
circuits and selects one of outputs of saki first 
and second optical division and insertion cir- 
cuits, and an optical transmitter which is con- 
nected to sakj optical selector; 
wherein a recovery operation from a network 
failure is conducted by switching said optical 
selector. 



an optical transmitter; 

an optical divkter which is connected to an out- 
put port of said optical transmitter and divkies 
an output of sakJ optical transmitter into two ^ 
parts; 

a first optical amplifier which is connected to a 
working fiber and is controlled to have a con- 
stant gain; 

a first diviskx) and insertion circuit which is con- ^ 
nected to an output port of saki first optical am- 
plifier and one output port of said optk:al divider; 
a second optk:al amplifier which Is connected 
to a protect kx) fiber and is controlled to have a 
constant ^in; ^ 
a second diviskxi arxi trtsertk)n circuit which is 
connected to one of an output port of saki sec- 
ond optical amplifier and the other output port 
of said optk^i divkier; 

an optical selector whk:h is connected to output ss 
ports of said first and second optical divisk>n 
and insertion circuits and selects one of outputs 
of said first and second optical division and in- 



6 



EP 0 837 572 A2 




SOOCIO: <EP. 



.0837572A^L> 



EP 0 837 572 A2 



} 




HOilMS 
)IOV9-d001 
1801 



8 



EP 0 837 572 A2 




ISOOCIO: <EP___0837S72A?_I^ 



9 



EP 0 837 572 A2 




10 



EP 0 837 572 A2 



to 

• 

CD 



o 

ocut 

OCD 



y3A!333H 
IVOIidO 29 




I 



o 

CVJO 



Ul 
CO 



Sac 



o 

O 
LU 

Q.U. 



± 



I 



I 




aaiiiwsNVMi 

IVOIldOlS 



Q.LI. 



11 



EP 0 837 572 A2 




CD 
O 



H3X3idinnw3a ivoiido 



I M M I I I 



aaiiiwsNVMi ivDiido 



az 

LU 
GO 

u. 

o 



ac 
o 



I I i 1 I I I I 




I i I I I I I I 



dlLlIWSNVHI nvoiido 
I I I M I IJ 



a3QiAiaivoiido 




12 



EP 0 837 572 A2 




iH0i33T3SZ» { 



I TVOUd O 



1 T 



i!SJ 







X 



i I 



Oh- H- 





<S00aD: <EP 0S37S72A3_L> 



13 



